Résumé. -Nous étudions la réflectivité aux rayons X de la surface d'un cristal liquide dont les molécules ont des groupes terminaux polaires (cyano-) Abstract. -The X-ray reflectivity form the surface of a liquid crystal with terminally polar (cyano substituted) molecules has been studied using a high-resolution triple-axis X-ray spectrometer in combination with a synchrotron source. It is demonstrated that at the surface of the smectic A1 phase a few antiferroelectric double layers develop that can be distinguished from the bulk single layer structure. A model is developed that separates the electron density in a contribution from the molecular form factor, and from the structure factor of the monoand the bilayers, respectively. With only a few adjustable parameters it accounts for the rather complex observed reflection curve. It shows that (i) the first molecular layer has tails up rather than heads up, (ii) the smectic order parameter of the first mono-and bilayer is saturated, (iii) the antiferroelectric bilayering does decay rather abruptly and not exponentially.
Introduction.
Since the first observation of a smectic A-smectic A phase transition [1] , many examples of SA polymorphism have been reported. These cases always involve strongly asymmetric elongated molecules with a large terminal dipole moment (-CN or -N02 end substituents). Today at least four « exotic &#x3E;&#x3E; SA phases are known [2] . The most common type of phase with these compounds is the socalled SAd phase. Disregarding diffuse scattering it gives in X-ray experiments a Bragg peak at Qo = (2 7C//') n, where n is the director, 1 the molecular length and I l' 2 L Apart from a possible reentrant nematic phase, with decreasing temperature, the phases SAII Sx and SA2 may be observed. The SA2 phase has long-range antiparallel correlation of the molecular orientation in neighbouring layers (Fig. la) . It is an antiferroelectric phase that gives rise to two Bragg peaks at Qo = (2 n/0 n and at approximately Qo/2. In the SA phase in addition the density modulation shows phase fluctuations, leading to a regular lattice of « kinks » in the plane ± n (Fig. lb) . Consequently, the Bragg spot at Qo/2 is split into two spots situated off axis [3] . The The experiments have been carried out at HASY-LAB (Hamburg), with a modified high-resolution triple-axis spectrometer that has been described elsewhere [5, 6] . The geometry shown in figure 2 6 (Q.,) 6(Qy) [7] . (1) is decomposed into the layer index n and intra-molecular coordinate C :
It is now assumed that the shape of the layer density is invariant and equal tof,(C) + ( -1)"f.(C) but with decaying amplitudes for mono-and bi-layer structure :
We then find 3 only data in the region 0.9 Q/Qo 1.1 were important. These data were analysed by a purely phenomenological model and the question of the degree of orientational, or nematic order, at the surface was not addressed. In the present work the knowledge of the structure of the molecules is incorporated into the model of analysis. For comparison with earlier work let us for a moment neglect the antiferroelectric layering and thereby the third term in equation (7) . The molecular modelling is given by the cosine transform C(Q) in equation (7) and the amplitude function As(n ; ÇL) can then be interpreted directly. We find that A, =1 for n = 0, the first layer, which means that the nematic order parameter is fully saturated at the surface. The first and second term in equation (7) gives rise to interference between the ordinary Fresnel wave (first term) due to the discontinuity in refractive index and the wave scattered from the layered structure (second term). We have in the present analysis as well as in previous work [8] Finally it should be noted that the present observation of surface double layers is also highly relevant for the interpretation of X-ray results on free standing smectic films [9] . It Thus with the particular choice of A(n) given by equations (A. 3) and (A .1 ) the structure factor, which in principle is a sum over an infinite number of layers, is evaluated as a finite sum of (J + 1) terms.
